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The Sippican Corporation 
This document represents the Final Report on  Statement of Work 
#950836 with the Jet  Propulsion Laboratory. The contract called for an 
investigation of the weldability of insulated magnet wire used with contact 
pins, and required the selection of the best combination of materials, de- 
velopment of a process (including weld schedules), and recommendations for 
welding equipment and automated production methods. 
Corporation and L. Katzen of JPL, preliminary findings w e r e  discussed and 
agreement was reached to continue development of the process using nickel 
wire, although it w a s  also agreed that copper w i r e ,  because of i ts  non-magnetic 
characteristic, was of primary interest to JPL. 
An investigation of available insulations resulted in the selection of 
A study of methods to penetrate the Formvar as  the preferred material. 
insulation and make reliable weld; was then started. 
used to penetrate the insulation consists of heating the upper electrode 
which causes the Formvar to soften and split under pressure. 
The method Sippican 
With the selection of materials completed, Sippican established a 
This program, detailed in Section 5, consisted thorough test program. 
of pull testing 2500 sample welds at a 90 
0 angle to the weld, with each sample 
Based on several combinations of materials studied, i t  was decided 
that nickel was the only practical choice of a weldable, insulated magnet 
wire that would meet the strength and reliability requirements of the contract. 
At  a meeting among C ;  B. Converse and P. SanClemente of The Sippican 
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required to exceed the 50% strength level. A record of the test results is 
included in Appendix B. 
As a result of the investigations described above, w e  recommend the 
use  of Formvar coated, #34 AWG nickel wire  with -4lley 142 pins 88 a 
combination of materials that will weld satisfactorily (demonstrate an average 
minimum tensile shear strength of 5070) using operational, production-line 
weld equipment with a modification for heating the top electrode. It i s  em- 
phasized, that these materiais wil l  provide the widest range of applications with 
the least manufacturing difficulty and, subsequently, the highest reliability. 
Because of the interest to Jet Propulsion Laboratory and The Sippican 
Corporation's interest in exploring and developing new processes, materials 
and their applications, we are  still working on the problems associated with 
welding insulated copper magnet w i r e .  We wil l  make the final results of our 
investigation available to JPL. 
8 
It is believed that this development will have immediate affect in 
many fields of electronics, and that i ts  use wi l l  greatly stimulate the 
effective and early application of integrated circuits. ' 
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2. MATERIAL SELECTION A N D  VERIFICATION 
The following section describes the selection and verification efforts 
required to  establish the materials needed. 
Original requirements for insulation, conductors, electrodes and pins 
. 
a r e  outlined, and the factors governing TSC's ultimate choice in each case, 
. 
a r e  explained. 
2. 1 Materials Selection 
The following section lists the basic requirements to  be met in  
selecting magnet wires and pins. 
2 . 1 . 1  Conductor Requirements 
The magnet wires selected for use i n  this  program had to 
sat  i s fy the following r equi r ern ent 8: 
A. Must be insulated. 
B. Must be 0.0006 iach to 0.012 inch diameter. 
C. Must include a complete range of electrical 
properties, 
D. Must be compatible with pin materials. 
E. Desirable to  have a lower melting point than pin 
material  . 
F. 
G. 
Must be in  the soft condition. 
Must have insulation 0.0004 inch thick or  less. 
€3. Insulation must permit heat to  cause displacement 
flow or  local burning. 
2 - 1  
b 
R-356A The Sippican Corporation 
I. The heated insulation should not cause  voids, gas 
pockets or inclusions i n  the  weld. 
Based on these  requi rements  t h e  w i r e  should be one 
of t he  following compositions: 
Nickel 1870 IACS conductivity 
Copperw eld 40% IACS conductivity 
Si lver  Paladium 60% IACS conductivity 
90% Silver 10% Cu 8570 IACS conductivity 
ETP Copper 100% IACS conductivity 
Insulation materials that  w e r e  investigated included: 
Formvar  o r  equivalent 
Polyurethane 
Enamels 
2 . 1 . 2  W i r e  Verification 
The  verification procedures  for  t he  selected wires 
were  as foiiows: 
A. Copper 
Copper w a s  investigated p r imar i ly  because of its 
high electrical conductivity, availability and ease of handling (bending). However, 
two disadvantages become apparent when using copper: 
Poor yield and flex strength.  
Inherently not a des i rab le  welding material. 
e Sample welds were made  with ETP copper  and examined. 
T h e  examination uncovered a degraddion in  tens i le  s t rength of the  copper w i r e  
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i n  the heat affected zone (the area adjacent to  the weld). Another negative 
factor uncovered was a 30% deformation i n  the weld joint. 
of these two factors, that welds rxade with ETP copper could achieve only a 60% 
maximum tensile strength characteristic. 
strength, established for this program, left only a 10% margin which is obviously 
inadequate. Fu r the r  sampling was discontinued. 
TSC found, because 
The minimum of 5070 tensile shear 
Another characteristic of copper is its high heat conductiv- 
ity. This makes heating the intended weld area difficult for resistance welding 
in  the  range of wire sizes established. 
B. Cotmenveld 
The  construction of the Copperweld wire is a 40% 
weight copper jacket over a core of S .A .  E. 
was  selected for -ise because of its availability and 4070 IACS electrical volume 
conductivity of copper. 
1010 mild steel. This  material 
Weld samples, m-arle to  var!ms pin aaterials, 
revealed that although average strength was good, occasional welds were weak. 
Investigation revealed that the variations in  copper jacket thickness and the lack 
of concentricity of the core material were the primary causes of this  condition. 
A better wire product is needed. Such w i r e  is available on special order from 
Metals & Controls, Inc. ; however, deliveries are 8 to 12 weeks, which is 
considered prohibitive. It is concluded that although Copperweld joins with 
a higher average strength than solid copper, it  will not weld a s  consistently 
as a solid material. 
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C. Copper Silver Zinc lZlloy (Silvalory Hand) a 
11 I 1  Trade name of American Platings. 
L 
T h i s  wire w a s  selected for its electrical conductivity 
of approximately 60% IACS. However, due t o  its physical properties, it did not 
weld satisfactorily. The low melting point of 1350°F 2nd ?he !cng p!as?ic r q g e  
tended to  flatten the wire instead of welding it. 
D. Coin Silver (9070 AG 10% CU) 
This  material w a s  investigated for its electrical 
volume conductivlty of 80% IACS. The electrical conductivity increased the 
weldability of this alloy with respect to  copper. However, its long plastic 
range made i f  difficult to weld without excessively flattening of the  coin si lver 
wire. Further investigation of coin s i fve r  was discontinued. a 
E. Nickel 
Nickel, with an electrical volume conductivity of 185, 
is known t o  rlave excellent weldability, a high melting point and narrow plastic 
range. When these characteristics a r e  combined with an affinity €or solid 
state bonding via diffusion, nickel becomes a ready choice. 
I t  w a s  discovered late in the program that the magnetic 
properties of nickel may cause problems in predicting the effect of its use in 
some electrical circuits. 
2 . 1 . 3  Weldable Pin Requirements 
The investigation into weldable pin requirements started 
with three materials being selected. 
fying the needs of the program; however, a s  explained i n  this section, an accept- 
None of thcsc thrce w e r e  capable of satis- 
@ 
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The pins selected for use in  this program had to satisfy 
the  following r equi r ement s . 
A. 
B. 
C .  
Must  allow welding on 0.050 inch centere. 
Mus t  allow space for 0.020 inch between pins. 
Must be rigid enough t o  not crumble or  buckle when 
welded on end. 
welding and brazing. 
D. Must be gold plated 50 - 75 microinches t o  enhance 
E. Must be of a material that is compatible with the 
wire. 
F. Desirable to have a similar o r  higher melting point 
than the wire .  
G. Desirable to have a low conductivity such that material 
is not heated during welding process. 
2 . 1 . 4  Weldable Pin Verification 
Initial investigation into welding the selected nickel wi re  t o .  




Pin size was  set  at 0.032 inch diameter 0.070 inch long. 
A. Nickel 
The difference in  mass  between 0.032 inch diameter 
x 0.070 inch long nickel pins and 0.0063 inch diameter nickel w i r e  was so extreme 
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conductivity were tried in an attempt to compensate for this mismatch. This did 
* 
not improve the welds and as a result investigation w a s  discontinued. 
B. Beryllium Copper 
tivity of this material made the mismatch problem worse. It too was abandoned. 
C. Dumet 
Dumet h a s  a core of #142 Alloy, a very resistive alloy, 
with a copper jacket about it. The resistive core impoved  the mismatch and 
relatively good welds resulted. It was decided to make a sample run of 2500 welds 
using this combination. The run w a s  stopped at 1750 welds after five samples had 
fallen below 5070 in strength. 
Analysis of the causes of failure w a s  inconclusive for 
a 
the five low reading welds; however, the fact that most welds failed at the weld 
interface was sufficient reason to establish that the mismatch problem still 
existed. However, the results did indicate the improvement in  welding w a s  due 
t o  the Alloy i42 and TSC decided to  investigate further. 
D. Alloy 142 
A new pin w a s  designed t o  compensate for the volumetric 
difference. The s ize  of the pin was set  at 0.080 inch long by 0.020 inch diameter 
with an 0.072 inch diameter head 0.008 inch high (reference figure 1). 
The w i r e  welded acceptably to  the 0.020 inch end as 
97. 570 of welds broke in  the w i r e  outside the weld. a 
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2 . 1 . 5  Insulation Selection 
A survey of the materials commercially available for magnet 
w i r e  insulation established three basic types. 
Formvar and equivalent 
Enamel of all types 
NOTE: 
a solder-through insulation. 
Most manufacturers have discontinued nylon in favor of Polyurethane as 
For  t h i s  reason, nylon was eliminated. 
A. Polyurethane 
Tests indicated that Polyurethane could be penetrated at 
an electrode temperature of 250°C measured 3/4  of an inch from the tip. 
B. Formvar 
Formvar could be welded through at a temperature of 
280°C measured as above. 
C. Enamel 
Enamel, however, could not be broken down or melted 
and w a s  disqualified as an insulation. 
D. Evaluation 
Both polyurethane and Formvar a r e  acceptable but Formvar 
being tougher was selected for the other phases of this study. 
2.1.6 Electrode Materials 
There is a basic problem when welding with a heated 
electrode in that most electrodes are  copper or copper alloy in  the  precipitation a 
2-7 
R- 356A The Sippican Corporation 
hardened or cold worked condition. Copper materials anneal at  500" to  1200°F, .e 
a range which overlaps the operating range of the heater and causes annealing of 
the electrode. 
The small t i p  size of 0.020 t o  0.030 inch causes very 
poor strength, permitting electrode bending. Also, even if the tips do not bend, 
they will  erode fairly rapidly. 
The requirement for a tougher non-erroding tip led us to 
t ry  a molybdenum tipped electrode. This material has higher compressive 
strength and did not anneal o r  bend. However, erosion and sticking were 
excessive and electrode dressing was required too frequently. 
Next w a s  a 1/16" diam. 270 thoriated, tungsten rod tip 
in a RWMA class copper alloy rod. The tip was ground to  0.025 and welding 
was tried. Compressive strength w a s  excellent, tips did not bend, and the 
a 
high melting point prevented sticking and erosion. 
We still had problems with oxidation of the copper alloy 
rod but this was minor. 
tungsten. 
The electrode finally selected was the above-mentioned 
A production r ig  should use a 270 thoriated tungsten rod 
with a ground tip. This will withstand oxidation and still have good tip characteristic. 
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3. EQUIPMENT 
3. 1 Equipment Selection 
In exploring and developing the essentially new technologies 
required to perform welding through insulation i t  w a s  decided to work with 
modifications of capacitor discharge power supplies and weld heads of the low 
inertia, low pressure range, fast follow-up type. I This equipment has been 




3 . 1 . 1  Power Supply 
A Sippican Model 310 Varipulse Power Supply was 
selected for this program. The main reason for selecting this power supply 
is the range of pulse shapes available by varying capacity and utilizing the 
multi-taps b ~ i ! t  into the p l s e  transformer. 
and 240 watt/ seconds a re  available and, within each wattlsecond range, 6 
transformer taps a re  available which vary the t u r n s  ratio of the transformer. 
Pulse width of 0.075 to 15 milliseconds can be obtained. 
Capacity ranges of 30, 60, 120 
With  l m g  puke v;idths, mcst of the hcathg takes place 
in the magnet wire .  In the shorter pulses this condition i s  minimized. 
3.1.2 Weld Heads -
The weld heads used during this program were:  
Hiiglies VTA 60 
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, .  
The Tweezerweld TW-I weld head has  too much inertia 0 
and poor pressure control under five pounds. Since the anticipated pressure 
range w a s  one to four pounds, t h i s  weld head was not included in the final 
sample weld test runs. 
The Hughes and Weldmatic weld heads were used inter- 
changeably with The Sippican Corporation weld head during this program. 
However, because the small size (0.025") of the electrode made pressure 
overloading a critical factor, we decided to run the 2500 sample welds on 
The Sippican Corporation Model 2 18 DR weld head. 
3.1.3 Electrodes 
The electrode tip material requirements w e r e  discussed 
in Section 2.1.6. Centerless ground tungsten and tungsten alloy rods were 
selected for the tips, with copper alloy selected for the electrode shaft. a 
The tungsten tips and copper shafts combined to give the 
hardness, melting point, oxidizing, and annealing characteristics required 
at the tips, while maintaining sufficient heat transmitting capability. 
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4. INSULATION REMOVAL 
Three possible methods of insulation removal were considered throughout 
the project. They were: electrode pressure, high frequency burning and 
electrode heating. 
4. 1 Electrode Pressure 
Electrode pressure (rzgular welding) was  tried and, although it 
worked at times, the current would not flow, o r  arcing occurred in most 
instance a. 
4 . 2  High Frequency Burning 
The second approach consisted of applying high frequency to the 
two electrodes a s  the work was positioned between them. Just  before the 
electrodes touched the insulation a high frequency power supply would discharge 
a pulse between the electrodes and an arc would bridge the gap. 
would heat the w i r e  and ignite the insulation resulting in 0.030 - 0.060" of 
insulation removal, which w a s  of no value for an application requiring welding 
on 0.050" centers. 
The arc 
To minimize burning, the weld area w25 i ~ ~ ~ - ~ r s e d  in argon or 
nitrogen. 
moving o. 030 - 0.060" of insulation caused pin holes large enough for the 
The effect was dramatic. The high frequency pulse, instead of re- 
. -  
L - - L  iiigii A I  b ---..- - A _ -  pu!mG -.. C.C. + A  Lu grounZ itself arid preveriiea welding. 
4 . 3  Electrode Heating 
The third approach consisted of heating the upper electrode. 
Heating the electrode with a miniature gas torch worked well in the labora- 
tory. For production use a more suitable heating system was obviously 
4- 1 
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needed. A hollow, electric heating element was designed and constructed 
to fit around the upper electrode. The heater, controlled by a Variac, was 
monitored by a thermocouple attached to the electrode. 
and design of this equipment is described in the handbook. With this equip- 
ment the insulation was easily removed and excellent welding made possible. 
The construction 
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I I Pr ior  to running the 2500 sample welds, a mutually agreeable test 
program w a s  established. 
particular test  methods chosen are listed below. 
The various test methods investigated and the 
5 . 1  PUrp Tension 
M o s t  loading modes in actual welds possess some shear or 
peel moment. However, this test was discontinued for not being rigid enough. 
5 . 2  Peel  Tension - 90' 
The results obtained by this method were  erratic. The test 
itself w a s  considered too severe and where it would be impossible to dupli- 
ra te  the method in actual applications (pull the w i r e  perpendicular to the 
weld) this test w a s  discontinued. 
5 . 3  Tension Shear - 30' 
0 
e 
Most  loading modes in actual welds possess some shear or 
peel moment. However, this test washiscontinued for not being rigid enough. 
5 . 4  Peel Tension - 30' 
Most loading modes in actual welds possess some shear or 
peel moment. However, this test was discontinued for not being rigid enough, 
5 . 5  Tension Shear - 90' 
This test method yielded consistent results and all breaks occurred 
outside the weld joint, in the heat affected zone. Also, the results obtained w e r e  
in between the values of Sections 5 . 1 ,  Pure Tension and 5 . 2 ,  Peel Tension - 90 . 
The 90° tension shear test is also quite similar to the 90 torsional shear test 
0 
0 
method used in  most cross-wire welding applications. 
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The results of the above investigation were discussed between 
L. Kafzen of JPL and P. SanClemente of TSC and an agreement w a s  reached 
io establish method 5. 5, Tension Shear - 90°, a s  the test method for this 
program, as shown on Figure 3. 
5 .  6 Sample Welds 
The 2500 sample welds required by this program w e r e  made 
by one operator on one welding machine. 
NASA level) has five years  experience and was able to make 500 welds a day. 
The operator comments that once the process has been set up the welding 
The operator (qualified to the 
* 
is no more difficult than conventional welding. 
Of all the welds made, eight were discarded by the operator 
for improper positioning. None of these welds blew up or severed. How- 
ever, they did show si g n  s of off center electrode placement, o r  tilted work 
positioning, shown by excessive cutting into the w i r e  on one side. Another 
43 welds were discarded whe;ll the pins became loose i n  the board and ro- 
tated during pull testing. An analysis of the data follows. 
DATA ANALYSIS 
1. Sample s welded 
2. P u l l  tested 
3. Discarded by sperator 
4. Discarded when pin rotated 
5 .  Average 6 tr ength 
6. Highest weld strength 
7. Lowest weld strength 
5-2 




1. 85 lb. 
2.25 lb. 
1. 10 lb. 
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8. Standard Deviation 
9. 3 d Limit High 
10. 3 r  Limit Low 
11. X - 3 r  7’0 of weaker material 
12. X-50- 70 of weaker material 
13. Wire Strength 
CALIBRATIONS 
Average weld strength 
- 
s x  = Avg. St. x - 
n 
Standard deviations 
- - grr - 
3 Standard deviations 70 - JPL Method 
- .  - x - 3u-= 1 .85  - 3 (. 151 -  
Y 2.20 
5 Standard deviations 70 - TSC Method 
- - x - 5 r =  1.85 - 5 (. 15) - - 
Y 2 . 2  
4678.65 
2 500 
. 1455 lb. 
2.30 lb. 
1 .40 lb. 
64.570 
50% 
2 . 2  lb. 
- 
r -  
- 1.40 - 
2.20 
-
1 .1  r 
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6. AUTOMATIC WELDING 
A method for automating a random point-to-point positioning system for 
resistance welding is described in  th i s  section. 
This method is ideal for hybrid digital-analog circuitry and utilizes data 
stored on punched tape. Other possibilities a r e  punched card, photo cell plano- 
graph tracing, magnetic tape or  semiautomatic methods. 
Factors to  consider when determining the feasibility of automating this 
process a r e  the positioning accuracy required, resolution of the equipment to  
be used, repeatability desired within the operation and the cost trade offs. 
6 . 1  Equipment Requirements 
The equipment must be capable of satisfying the following require- 
ments: 
A. X and Y axes movement 
For  accurate movement, at increments of 0.050 inches, 
along the X and Y axes. 
B. 2 axis movement 
trode contact with the workpiece. 
C. Weld Head 
Capable of welding Formvar insulated wire to  contact pins. 
D. Wire Feed Mechanism 




E. Wire Cut Mechanism 
The Sippican Corporation 
F. Programmer 
For  programming the total functions of the machine. 
6 . 2  List of Definitions and Abbreviations 
1. Frame positioner - a device which accepts frames and 


















Tape - perforated &rip paper tape. 
Tape Reader - translates tape perforations into binary data. 
Decoder - device for separating along and across  motion 
DAC - Digital-to-analog converter. 
- CT - Synchro control transformer. 
FUS - follow-up-servo. 
SC - slip clutch. 
SCA - slip clutch adjustable. 
MCB - magnetic clutch brake. 
R - electrical resolver. 
- P - potentiometer. 
Q - weld head angular position. 





- A - isolation amplifier for impedance matching. 
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6. 3 Automatic Control Operation Sequence 
1. Tape with stored data prepunched previously is inserted 
into type header. 
2. Coded data format consists of repetitive series of blocks 
of data for each point, together with control data. 
I 
3. Tape reader reads out binary data and transmits to decoder. 
4. Decoder - separates data for each orthogonal axie. 
5. The DAC - converts the digital pulses into three-wire 
synchro voltage and t w o  wire analog voltage. 
6. The synchro control transformer takes this voltage and 
feeds a follow-up-servo. 
7. The position taken up by the servo and hence the x w o r m  
drive is used to null'out the input of the control transformer. 0 
8. The slip clutch is used to protect the servo motor from 
excessive loads. 
9. In a similar manner, the y axis data is processed. 
10. Simultaneously, as x and y data are being processed, the 
weld head is rotated by a follow-up servo which computes angular position from 
the rectangular position from the rectangular coordinate information. 
11. 
by a similar follow-up servo. 
At  the same time, the polar distance vector is generated 
Thus, the w i r e  fed out is directly proportioned 
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12. After t h e  coordinate data has been fed into each axis, the 
- 
lower electrode is moved into position below the desired pin by means of a motor 
and eccentric cam. 
13. After the lower electrode moves into position, the upper 
electrode i s  caused to  move down against the wire to  be welded. A f t e r  a certain 
t ime and appropriate pressure has been exerted, the welding machine is caused 
to fire. 
14. Whenever the  program calls for the w i r e  to be cut, a 
solenoid operated retractable shear is extended to perform this function. 
15. After the  weld operation has been completed, the tape 
reader  is commanded t o  process the next set of coded information. 
6.4 Manual Control 
a 1. When manual control is selected at the control unit, the 
x and y servos a r e  disengaged and a r e  driven open loop by a dual mode joy 
stick. This joy stick control simultaneously links each of two potentiometers 
which are tapered logarithmically, thus allowing maximum sensitivity when 
the f i n a l  position has heen zchieved. 
2. The weld head is rotated automatically as a direct function 
of x and y. 
3. However, wire feed-out is manually controlled. 
4. Under manual control, the positioning of aii electrodes 
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6 . 5  General 
The most critical alignment problem i s  positioning the  wire 
directly beneath the welding electrode. To  accomplish this the  weld head and 
the w i r e  feed wi l l  be built in rigid alignment. To revolve the wire feed the weld 
head wi l l  be mounted on a r ing  gear capable of 360’ motion. The ring gear 
assembly wi l l  be mounted on an X- Y axis carriage built on the U-frame above 
the work area.  The lower electrode will be attached to the X-Y axis carriage 
and curve beneath t h e  work are?-. This a rm must have free travel beneath the 
work and be capable of raising and lowering to  contact pins. This wi l l  be done 
by a toggle switch, o r  eccentric motion cam linked to an electric solenoid for 
actuation. 
Basic construction wil l  be a three-tiered angle iron frame of rein- 
forced welded construction. 
the automatic X-Y stage t o  ride on. 
Machined ways will be bolted to  the second tier for 
The first tier is a machined plate with a recessed window seat. 
In the window seat, various flush fitting windows a r e  sezted capable of holding 
the frames require precision loading to  guarantee the alignment of the pins to 
the electrode. 
The power supply and heating controls are mounted on the third 
t ier .  The power supply must be equipped with either a rotating disk and brush, 
360” rotational connector, o r  a coiled cord capable of 2 to  3 revolutions without 
binding . 
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The weld head is mounted to the end of a solid rod or  built into 
The wire feed drive is attached to  the rod, the wire spool mounted the rod. 
e 
above the X-Y table, and they feed wire to the drive unit, through a teflon tube. 
A teflon guide, guides the wire to  within 0.030" of the electrodes. The w i r e  unit 
is set so  when the weld heat retracts, the wire feed retracts about 1 / 2  as much, 
thus protecting the wire from electrode heat while maintaining close alignment 
of w i r e  to electrode. 
The unit i s  equipped with a stereo microscope on a swing mount. 
The microscope is used to manually position the X-Y assembly before locking 
into tape program. 
Programming a machine to weld a matrix o r  grid wi l l  call for 
shortest w i r e  paths being done first. 
place wires s o  they do not cover pins not yet welded. 
Special programming wi l l  be required to 
e 
All motions should be equipped for manual operation by momentary 
contact buttons, o r  foot switches. 
Each program should include a check of alignment by running the 
..-:A -- A L -  V V 4 ~ L l -  A L - - . . - h  n v ~ e l r .  +nL<-rr < 4  4- +ha n c l w m a -  -:-e 
uillt. UKI LIIC n- I L a u L c  C A L L  U U ~ L L  ii L J G A G  c a n 1 1 1 6  I L  c v  C A A L  L W A  A A L A  yri iu.  
This check should be verified by the s tereo binocular w i r e  feed. 
Speed w i l l  have to  be an integrated function of X motion and Y motion. 




Manually jog wire 1 / 8 inch approximately. 
Clip wire with automatic cutter. 
Index wire - correct length automatically 
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4. Index X-Y carriage to correct pin location. 
5. Index to  0 - 360" location. 
6. Weld 
A. Lower electrodes raises and locks. 
B. Upper electrode lowers and assumes correct pressure. 
C. D.C. current flows. 
D. Electrodes retract. 
X-Y indexing to next location while head assumes new angle 7. 
t o  position w i r e  directly over pin number two; wire feed runs while X-Y motions 
are going. 
8. Make weld number two. 
9. 
Autorr.atic Welding Machine Parts List 
1. 
Proceed to  pin number three or clip after number two. 
6.  6 
Sippican Model 310 power supply - Supplies power for 
welding magnet w i r e  to  contact pins. 
2. Heating control - Supplies power for electrode heater, contains 
t e ~ ~ p e r a t u r e  ccfitro?!er 2nd ther~-osocple rpadiflu ~f tin "r t ~ r n n m v - ~ t l l r p .  
3 .  Frame - Angle iron welded reinforced frame to  house 
automatic welder. 
4. Controls - Manual controls for  aligning head pr ior  to start  
of automatic sequence. 
5 .  Table - Work table wi th  window cutout. For  locating work- 
piece frames of various inside dimensions, depending on workpiece size. 
6-10 
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6 .  U-Frame, Subassembly - One function of this subassembly 
is to house the lower electrode and toggle assembly that is powered by an electric 
solenoid, which gives the lower electrode the up and down motion required for 
indexing pin to  pin. 
7. Lower Electrode. 
8. Wire feed . A precision miniature wire feed with teflon 
Contains a miniature drive mechanism and linkage to raise nozzle to  guide wire. 
wire feed one half as much as weld head for indexing and to  keep w i r e  away from 
hot electrode tip. 
9. Wire feed spool - Rolls of wire for welding a r e  mounted 
on top of assembly, away from welding area.  
10. Wire feed guide .- Teflon tube runs down through weld 
head rod to  wire drive mechanism. 
11. Cutters - A manual, or automatic scissors  type retractable 
cutter wi l l  be mounted on lower side of weld head rod. When brought forward it 
will  cut wire 0.020" from welded area. 
We!Zing electrode - A tiungsten alloy tip is recommended . m  1L. 
for welding. 
1 3.. Electrode heater - A resistance heating element with a 
stainless steel inside tube diameter for electrode changing. 
less  steel jacket around the heating element and give off enough heat t o  maintain 
Should have stain- 
tip at 400°C. 
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14. X-axis carriage bed - Mounted on two precision guide 
ways. This carriage must be able to  support the entire weld head assembly and 
be maintained at 0.001 TIR when table is run from left stop to  right stop. 
15. Gear dr ives  Precision worm gear drive should have 
endless ball race. (Saginaw. type). 
16. Y-axis carriage - Mounted on top of X-axis table, drives 
weld head back and forth along Y-axis. 
17. X - a x s  carriage bed - Precision ways for Y-axis ca rdage  
see  details for X-axis. 
18. Gear drive - Precision worm gear, drive for Y-axis carrtage. 
19. Drive Motor - For Y-axis variable speed shunt wound motor,, 
with independent speed controller. 
20. Table mount - Rotary table mount on ring gear driven by 
bevel gear, allows w i r e  feed positioning over 360". 
21. Motor for rotary table. 
22. Motor or  solenoid controi - For raising and lowering weld 
head, equipped with slip clutch for varying weld preamre. 
NOTE: All  electric motors and solenoids would feed to  a central control for 
manual operation and then to a complete panel equipped with a numerical punched 
tape control system. 
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7. APPENDIX 
. 
Included in  this appendix is information relating to  the program. This 
information includes conductor properties and comparisons, test results and 
the weld schedule used. 
7.1 Conductor ~ Comparisons - - - . - . 
Sections A, B and C contain the properties for copper, alloy 142 
and nickel. 
Metals Handbook, Volume 1, as referenced by number. 
The information listed i n  these sections was obtained from the 
7.1.1 Softening Temperature 
Copper - 400 to 800°F; nickel - 1200°F min. 
Fatigue Strength (Modules of Elasticity) 
Copper - 15 x 10 ; nickel - 30 x 10 
7.1.2 
6 6 
The higher value of nickel for  this property accounts for .J 
the superior flex strength of nickel w i r e  over copper wire. 




Copper - 34,000 psi avg. ; nickel - 50 to 8000 psi 
Yi eld Strength 
Copper - 4,800 psi; nickel - 10 to 30,000 psi 
Elongation 
Copper - 38.5’70; nickel - 30 to 5070 
Conductor Properties Summary 
These factors, combined with our own experience, prove 
that copper has a failure rate twice that of nickel. Our experience with 65,888 
7-1 
R-356A The Sippican Corporation 
welds made wit!i copper has shown 77 failures, all due to handling. This 
-0 
compares to 57 failures in 106,776 nickel, nickel alloy welds .  When computed, 
these results show a two to one failure rate favoring nickel over copper. 
7 . 1 . 7  Copper Wire Investigation 
With the above information already established, our continu- 
ing investigation into copper has uncovered the following details: 
(a) The high conductivity of copper increases the tempcra- 
ture  required to  remove Formvar to approximately 450°C. At this temperature, 
copper tends t o  flatten when welded. 
(b) The composition and configuration of the pin are critical. 
I t  now appears that a pin having high resistivity, low volume and a cylindrical 
interface wi l l  be required. 
( c )  The minimum strength requirement of 5070 established 
for nickel w i l l  have to be reduced to  40%. 
4 
(d) The angle that t h e  w i r e  is pulled at, during the weld 
samphng test  prngr2m, wil l  have t e  be reduced fro= 98" to 45". 
7 . 1 . 8  Comparison Results 
An examination of the properties of nickel and copper makes 
it clear that nickel is the better material, unless there are controlling conditions 
which mitigate against i ts  use. 
magnetic qualities of nickel could interfere either with the behavior of the cir- 
Two conditions a r e  obvious: first, where  the 
cuitry or where  the entire system should be non-magnetic; secondly, some 
circuitry involves sufficient current levels that nickel's poorer conductivity 
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toughness, coupled with its more tolsrant behavior durir.g welding, would make 
it a better material. 
The Sippican Corporation is coEtinuing its studies of 
Jet Propulsion Laboratory. 
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Boiling Point 4703OF (2595OC) 
APPENDIX A 
ELECTROLYTIC TOUGH PITCH 
COPPER (ETP) 
(99.95 CU - 0.040) 
1. ELECTROLYTIC COPPER 
Precautions in  use. This copper is subject to embrittlement when 
heated in a reducing atmosphere as in annealing, brazing or welding at 
temperatures of 700 F or above, and in  hydrogen or carbon monoxide is 
present, embrittlement can be rapid. 
0 
Density at 68OF (20C). 8.89 g per cu  cm (0.321 lb. per cu in.). 
48 Density at 1981°F (1083 C). Solid, 8.32 g per cu cm; liquid, 7.93 g 
per cu cm. 
Density versus percentage deformation. See.graphs. It is 
generally considered that cold working decreaszs density. Density change6 
in  cold work may be positive or negative, depending on the type of cold 
work and conditions of annealing. 
4 
Liquidus temperature 1981°F (1083OC) 
Solidus temperature 1949OF (1065OC) 
Volume thermal expansion (liquid). 1931O to 2363OF (1083O to 1295OC). 
0 
l2 0.00019per C. 
Specific heat at 68F (20C). 
Latent heat of fusion. 
Latent heat of vaporization. 
0.092 cal/g/OC 
48.9 cal per  g 
49 
50 
1150 c d  per g 
A- 1 
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0 
Thermal conductivity at 68 F (20C). 0.934 cal/sq cm/cm/sec /  C 
(adjusted to correspond to an electrical conductivity of 10170). 
Cu20, 334 cal  per g; CuO, 607 cal  per g 51 Heat of oxidation. 
14 
Recrystallization temperature. It varies from about 390 to 620 F (200 
to 325C) depending on the nature of impurities and hardness of the 
material. 
e ratur e. 
See graphs. Hard w i r e  loses strength slowly at lower temp- 
54 
Electrical Conductivity. About 10 170 LACS, annealed. 
Electrical resistivity at 68F (20 C). 1.71 microhm-cm, annealed. 
Electrical resistivity (liquid) a t  2012 F (1100 C). 21.52 microhm-cm. 
Temperature coefficient of electrical resistivity a t  68 F (20C). 
0.00393 per OC for 10070 conductivity; 0.00397 for 101% conductivity. 
Electrolytic solution potential versus hydrogen. C++, -0.344 volts; Cu+, 
-0.470 volts. 
46 
Hydrogen over voltage. 0.23 (dilute H2S04). It varies with 
current density. 
24 
Hall zffezt. R = O .  52 x volt-em per ampere-gauss. Experi- 
12 
mental figures vary from -0.428 to 0.547 x 10- 
52 6 
. 
Magnetic susceptibility. -0.080 x 10- cgs units per g at 68 F 
52 
Thermal neutron absorption cross section. 
Poissionts ratio. 
~ ~ 6 3  0 = 2.8 barns. 
0.33 .f 0.01. 18 
Modulus of elasticity. 17,000, 000 psi. This modulus is "directional" 
A-2 
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30,31 It decreases with increasing temperature. 29 in rolled sheet. 
37 Minimum creep rate at 400F (204C). Annealed (by interpolation) 
5000 psi, 0.042% per 1000 hr 
6700 psi, 0.10'70 per 1000 h r  
9000 psi, 0.2170 per 1000 h r  
Consequences of exceeding impurity limits. Nominal oxygen 
content about 0.04 70 (range 0.01 to 0.0770). 
Sulfur causes spewing and unsoundness, and is kept below 0.0035 
in ordinary refinery practices. 
Selenium and tellurium a re  usually considered undesirable impuri- 
ties, but may be added to improve machinability. 
Bismuth creates brittle nes s  in amounts greater than 0.001%. Bis- 
muth is rarely detected in American copper. 
Silver has little effect on mechanical and electrical properties, but 
does ra i se  the recrystallization temperature and tends to "fine" the 
1, 41, 42, 43 
grain. 
Iron, a s  present i n  commercial copper, has no effect on mechanical 
properties, but even t races  of iron may cause ferromagnetism. 47 Hot 
working temperature range, 1400 to 1750 F (750 to  950 C). 
Shortness temperature. None. 
A-3 
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TABLE 1. TYPICAL MECHANICAL PROPERTIES OF ELECTROLYTIC 
TOUGH PITCH COPPER 
Tensile Yield Elon- Rockwell Shear Fatigue 
Section strength strength, gation in hardness strength strength 
in. Temper psi psi  (a! 2 i??.?C F B 3OT p5i psi i 0  
0 .080  Annealed 34,500 4,800 (b) 38.5 (c) . . . . . . ... ... .. 
2. ALLOY 142 
Alloy 192, an  alloy containing 4170 Nickel ,  has  approximately the 
same coefficient of expansion as  that of 7050 glass for many years. It is 
also useful as a thermostatic metal  f o r  higher temperatures than those at 
which Nilvar is used. A popular use is as terminal caps for all automatic 
beam lamps. 












70 microhm cm 
420 ohmsfcmf 
.0025 (0' - 100°C) 
Thermal Conductivity 
Watts-Sec. Per cm Per C . 160 
Approximate Melting 
Po in t  OC 1425 
Coefficient of Linear 
Expansion 
20' - 100°C 4.8 x 
20' - 4OO0C 5 . 3  x 
20' - 1000°C 13 x a 
A-4 
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Tensile Strengh at C 0 
Pounds per sq. in. 
Specific Gravity 
Pounds per cubic inch 
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"A" NICKEL 
(99.4% Nit Co)*? 
3. "A" NICKEL 
Density at  68F (20 C). 
Liquids temperature. 2635 F (1446 C) 
Solidus temperature. 2615 F (1435 C) 
8. 885 g per cu cm (0. 321 lb per cu in.) 
Thermal expansion 77 to 212 F (25 to 100 C) 0.0000133 per OC. 
Specific heat 32 to 212 F (0 to 100 C). 
Latent heat of fusion. 73 cal per g 
Thermal conductivity 32 to 212 F (1 to 100 C). 
0.13 cal per g 
0.145 cal /sq cm/cm/  
C/sec  (420 Btu/sq ft/hr/OF/in.) 0 
Recrystallization temperature. 
Electrical conductivity. . 1870 IACS 
Electrical resistivity a t  68 F (20 C). 
Temperature coefficient of electrical resistivity 68 to 212 F (20 
11 12 F (600 C) 
9. 5 microhm-cm. 
n 
to io0  Cj. 
temperature. See graph. 
0.00474 microhm-cm per 'C Electrical resistivity versus 
Initial permeability. 100 gausses Maximum permeability. 600 
gaus s e  s. 
Coercive force. 3. 4 oersteds. 
Saturation magnetization (E3 - H). 
Hysteresis loss at  saturation. 
Magnetic transformation temperature. 
6100 gausses. 
3000 e rgs  per cu cm per cycle. 
680 F (360 C)  
A-6 
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0 
T o m p i l e d  by Huntington Alloy Products  Div., The International Nickel 
Co., Inc. 
0. 1 C, 0.05 Si, 0.0005 S. 
Nominal composition includes 0.2 Mn, 0.15 Fe, 0.1 Cu, 
a 
Xezhaiiica: propi%es. See Tabie 1 
Modules of elasticity.  Sand cast ,  21, 500,000 psi; annealed, 
30,000,000 psi. 
Charpy, Annealed, 222 ft-lb; hot rolled,  197 ft-lb; cold drawn, 
195 ft-lb; sand cast, 60 ft-lb. 
h o d .  Annealed, hot rolled,  or cold drawn, 120 ft-lb; sand cast, 
85 ft-lb. 
Strength in double shear .  Annealed, 52,300 psi; half hard,  57,550 
psi; hard,  75,300 psi. 
a 
Fatigue l imi t  for  100,000,000 cycles. Annealed, 24,000 psi; hot 
rol led,  30,000 psi; cold drawn, 42,500 psi .  
Minimum c r e e p  rate. At 750 F (400 C): not rolled, 10,000 ps i  for 
1% p e r  10,000 hr; at 800 F (425 C); cold drawn, 24,000 psi for 1% per 
10,000 hr. 
Cas t ing  tempera ture  range (sand). 
Alloying. 
2750 to 2900 F (1510 to 1595 C) 
Add sil icon and manganese as metals.  
P r e f e r r e d  deoxidizer. Magnesium 
Type of flux. Lime-f luorspar  
~ Precau t ions  in  melting. Do not superheat. 
! @  Hot working range. 1200 to 2300 F 
A-7 
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Annealing temperature range. 
Maximum reduction between anneals. 90%. 
1200 to 1400 F (650 to 760 C)  
Suited for forming by all methods of hot and cold working. 
Precautions in forming. Do not heat in sulfidizing atmospheres. 
Soft solder with Pb-base and Sn-base alloys, acid flux. 
Silver solder with phosphorus-free silver brazirlg alloys, fluoride 
flux, reducing flame. 
Braze with phosphorus-free and lead-free alloys, fluoride flux, 
reducing flame. 
Oxyacetylene weld with nickel, no flux,. reducing flame. 
Metal-arc weld with nickel, proprietary flux. 
Resistance welding. All methods are satisfactory. 
TABLE 2. TENSILE PROPERTIES AND HARDNESS OF NICKEL 
(99. 470 N i  + Co) 
Elongation 
0.2% yield Ter;si!e i: 2 in. Eeductisn Rrinel l  Hmrlnesa 
strength strength, % of Area hardness Rockwell 
Condition 1000 psi 1000 ps i  70 number B 
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RELIABILITY ANALYSIS --- SECTION 3 
To prove the requirements of Contract No. 950836 with regard to strength, the 
following data is submitted as proof of t h e  successful meeting of 50% or  greater  
strength as compared with the weaker material. 
and testing 2500 consecutive welds and not experiencing any welds that pull tested 
less  than 1. I Ibs when subjected to a 90" tensile shear test. 
tested a t  2.2 lbs. 
1) 
1 0 
This was accomplished by welding 
The basic wire tensile 
A N A  LYTlCA L SAMPLE 
No. Tested - 2500 
Test Method - 9O"Tensile Shear 
Tensile 
Sample Test Difference (Diff) Sample Test Difference (Difff2 
2 Tensile 
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R-356A The Sippican Corporation 
APPENDIX C 
Weld Schedules 
While making the material, equipment and electrode investigations 
the preliminary ground work for the weld schedule was  accomplished. 

































Spec. 3 - 7 - F  The Sippican Corporation 
SI PPICAN PREWELD EVALUATION 
AI loy at tributes 
I 
f 
Core eutectic 1 Dcsi1.cd Iiond is either n nickel to iron- 
C o  re in t er met a1 1 ic 
Clad eutectic 
C1 ad i nt er metallic 
nickvl  fusing weld or diffusion bQnd with 
co~npletc: insulation removal 
C o  nl m e nt s : 




(w / s or volts) 
Force 
(lb.) 
2 . 5  
2.0 
30 W l S  Range Low Scale 
1 Tap 
- hiov %ai A 
(2nd Apprnsin:ation) 
c b
c w _I .  
. .  . .  
. .. 
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